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(54) TACTILE SENSE DETECTOR AND NOTIFICATION UNIT 



(57) The test subject attaches pulse wave detectors 
1 to his fingertips, and presses down on pressure sen- 
sor 110. As a result, CPU 4 determines the DC compo- 
nent of the received light signal LS, and stores this in 
calibration table 50 in association with the pressure 
level. Subsequently, CPU 4 calculates threshold values, 
which can be used for grading the touch sensation, 
based on maximum value Pmax of the pressure level 
and calibration table 50, and stores this result in thresh- 
old table 51. When the subject grips an object with his 



fingers, the blood flow volume is detected by pulse wave 
detector 1 as received eight signal LS. CPU 4 calculates 
the DC component of received light signal LS, com- 
pares this result to the threshold values stored in thresh- 
old value table 51 , generates touch information SJ. and 
displays this on LCD 108. Accordingly, in this case, 
pulse diagnosis can be easily performed by expressing 
the degree of pressure In the pulse diagnosis as touch 
infomnation SJ. 



FIG. 5 



CPU 



ROM 





LS 




PULSE WAVE 




A>T) 


DETECTOR 




CONVERTER 




PS 




PRESSURE 








CONVERTER 



RAM 

CALIBRATION TABLE |- 



THRESHOLD VALUE TABLE 



DATA REQISTER \ 



^ 50 
p. 62 



SJ 



DISPLAY CONTROL 
CIRCUIT 



108 



LCD 



INFRARB) INTERFACE PC 



1 



EP 0 922 431 A1 



2 



Description 

BACKGROUND OF THE INVENTION 

1 . Technical Field 

[0001 ] The present invention relates to a touch detect- 
ing device for detecting the grip state when an individual 
grips an object, a touch notifying device, an information 
inputting device that employs the touch detecting 
device, a touch replicating device, a touch transmission 
system, a pulse diagnostic device, a pulse diagnostic 
training device, and a pulse diagnostic information 
transmission system. 

2. Background of the Invention 

[0002] In Chinese medicine, the physician performs a 
pulse diagnosis by applying pressure on the skin over 
the patient's radius artery with his fingers. A diagnosis 
of the patient's physiological state is then made based 
on the pulse sensed by the physician through his fin- 
gers. The physician registers the pulse, refered to as 
sunko, in the radius artery which is located on the inner 
side of the wrist. The sunko pulse can be detected at 
three sites - upper, middle and lower, i.e., sunn, kann, 
and shaku sites, at the periphery. In contrast, an orally 
conveyed medical learning known as Ayurveda has long 
been known in India. As in the case of pulse diagnosis 
in Chinese medicine, in Ayurveda, the physician applies 
pressure with his second through fourth fingers on the 
skin over the radius artery in the patient's arm to take 
the pulse. 

[0003] A technique for regularly and quantitatively per- 
forming a pulse diagnosis Is disclosed in JPA No. 6- 
197873, in which a rubber glove in which a plurality of 
linear distortion gauges have been affixed to sites in 
contact with the second through fourth finger pads is 
placed on the hand, and the pulse wave Is detected by 
applying pressure on the sunko with the tips of the three 
fingers. In this case, the physician registers the pulse of 
the radius artery via the distortion gauges and the rub- 
ber glove. 

[0004] In addition, Japanese Patent Application, sec- 
ond Publication No. Sho57-52054 discloses a technique 
for detecting the pulse wave by attaching a microphone 
formed of a piesoelement to the three sunn, kann, and 
shaku sites. In this method of measurement, the pulse 
Is directly measured without employing sensation from 
a person's fingers. 

[0005] Normal, smooth and violent waves may be 
cited as representative pulse waveforms. A normal 
wave is characteristic of a "normal" or healthy subject, 
and is relaxed, having a constant rhythm without disrup- 
tion. The smooth wave, on the other hand, is caused by 
an abnormality in the flow of blood in which the move- 
ment of the pulse becomes extremely smooth due to a 
mammary tumor, liver or kidney ailment, respiratory ail- 



ment, stomach or intestinal ailment, inflammation, or 
some other Illness. On the other hand, a violent wave is 
caused by tension or aging of the walls of the blood ves- 
sels, and is seen in diseases such as liver and gall ail- 

5 ments. skin ailments, high blood pressure, and pain 
ailments. It is believed that the elasticity of the walls of 
the blood vessels decreases, so that the effect of the 
pulse movement of the pumped blood is not readily 
expressed, causing this phenomenon. The waveform of 

10 a violent wave rises violently, hut does not fall off imme- 
diately, remaining at a high pressure state for a fixed 
period of time. In terms of the sensation registered by 
the fingers, a violent pulse wave feels like a straight 
tense and long pulse. 

15 [0006] Pressure is applied on the radius artery during 
a pulse diagnosis. However, the state of the pulse regis- 
tered by the fingertips will vary depending on how much 
pressure is applied. As shown in FIG. 15, the extent of 
pressure P at the fingertip may be qualified as light, 

20 moderate or heavy while the finger sensation h, which 
shows the strength of the pulse registered by the finger- 
tips, may be qualified as large, medium and smalt. In 
this example, a graph In which finger sensation h Is plot- 
ted on the vertical axis, and pressure P is plotted on the 

25 horizonial axis is referred to as a pressure-finger sensa- 
tion trend diagram. 

[0007] A typical pressure-finger sensation trend dia- 
gram is shown In FIG. 16. FIG. 16(a) shows the pulse 
when finger sensation h Is obtained at a moderate pres- 
30 sure P. A healthy individual's pulse frequently falls under 
this category A pulse of this type is referred to as a "nor- 
mal" pulse. 

[0008] Next, when the finger sensation Is obtained at 
a site where the pressure Is relatively light, as in the 
35 case of the pressure-finger sensation trend diagram In 
FIG. 16(b), then the pressure-finger sensation trend 
curve is referred to as a "gradually falling" curve. A grad- 
ually falling pulse is known as hua-mai. A hua-mai pulse 
is one In which the finger sensation h is large over pres- 
to sures ranging from light to moderate. Further, if force is 
directed into the fingertip, then, conversely, the pulse 
sensation becomes weaker A hua-mai pulse suggests 
the presence of an illness at the body's surface. 
[0009] Next, the pressure-finger sensation trend curve 
45 in the case where a finger sensation is obtained at a site 
where the degree of pressure is relatively heavy, such 
as the pressure-finger sensation trend diagram shown 
in FIG. 16(c), is referred to as a "gradually rising" curve. 
A gradually rising pulse is referred to as xuan-mai. In a 
50 xuan-mai pulse, the finger sensation h Is large when 
moderate to heavy pressure P is applied. The pulse 
cannot be felt when only light pressure is applied by the 
fingertips. Rather, it is only first perceived when heavy 
pressure is applied. A xuan-mai pulse suggests the 
55 presence of an illness internally that is to say, deep 
within the body 

[001 0] It Is therefore possible to know a patient's con- 
dition based on the degree of pressure applied via the 
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fingertips in this way. In the actual putse diagnosis, a 
more precise diagnosis can be performed by combining 
the aforementioned normal, smooth and violet pulse 
categories with pulse depth, i.e., hua-maiand xuan-mai 
pulses. However, since the physiological state of the 
patient is diagnosed based on subtle sensations regis- 
tered by the fingers, it has been difficult to quantify and 
then replicate the degree of pressure applied. For this 
reason, it has been difficult to convey the technique of 
pulse diagnosis between practitioners, so that typically 
practice on the order of months and years is required. 
[0011] Attempts have been made in the field of infor- 
mation machines to carry out sensing of human states 
or sensations. Sensing of the grip sensation when a 
person grips an object may be cited as one such exam- 
ple. 

[0012] Taking the case where a person grips a cup in 
his hand, for example, conventional sensing of the grip 
sensation uses a specialized glove to measure the 
absolute value of the gripping force applied on the fin- 
ger. This glove incorporates pressure sensors in the 
form of a sheet having a combination of electrodes and 
a pressure sensitive conductive material, the electrical 
resistance of which changes depending on the Pres- 
sure. When the individual places the glove on his hand 
and grips the cup. the resistance value of the pressure 
sensitive conductive material changes in response to 
the gripping force. Thus, the absolute value of the grip- 
ping force can be known by measuring the change in 
the resistance value. 

[0013] In the case of sensing touch sensations, such 
as whether or not an object is being touched by the per- 
son or what is an object's grip state (i.e., lightly gripped, 
strongly gripped), it is not absolutely necessary to 
measure the gripping force as an absolute value. Fur- 
thermore, in daily activities, a person grips an object 
while experiencing very subtle touch sensations. For 
example, in the aforementioned case of gripping a cup, 
the individual typically grips the cup while feeling such 
subtle sensations as whether the cup material is made 
of glass or ceramic. 

[0014] However, in conventional sensing of the grip 
sensation, it was necessary to grip the object with a 
specialized glove as described above in order to 
achieve an objective measure of gripping force or the 
ability to duplicate it. For this reason, it was not possible 
to directly touch or grip the object, making this approach 
quite far off from the concept of sensing grip sensations. 
In addition, when a specialized glove wave adapted for 
use with an information inputting device like a keyboard 
is employed, such problems exist as the targe size of the 
device and the burden on the operator. 
[001 5] Moreover, an approach might be considered in 
which conventional sensing of the grip sensation is 
applied to a pulse diagnosis, with the degree of pres- 
sure on the radius artery in the wrist being objectively 
detected. However, since a putse diagnosis is carried 
out based on subtle sensations registered by a person's 



fingers, employing a specialized glove to perform the 
pulse diagnosis makes it impossible to detect the state 
of the pulse. 

5 DISCLOSURE OF THE INVENTION 

[001 6] The present invention was conceived in consid- 
eration of the above-described circumstances, and has 
as its objective the provision of a touch detecting device 

10 capable of quantitatively detecting touch while permit- 
ting the object to be directly touched or gripped. Another 
objective of the present invention is the provision of an 
information inputting device employing the touch detect- 
ing device, a touch replicating device capable of repli- 

15 eating and transmitting the touch sensation, and a touch 
transmission system. Yet another objective of the 
present invention is the application of the touch detect- 
ing device in a pulse diagnosis, wherein the user 
applies pressure on the radius artery directly through 

20 the skin with his fingers, and the degree of this pressure 
is objectively detected. 

[0017] In order to resolve the aforementioned prob- 
lems, the invention according to claim 1 is characterized 
in the provision of a detecting means for receiving 

25 reflected light obtained when the detection site on the 
body is irradiated with light, and detecting this received 
light signal; and a touch information generating means 
for generating touch information for the detection site 
from the received light signal. 

30 [0018] The invention according to clad 2 is character- 
ized in the provision of a detecting means for receiving 
reflected light obtained when the detection site on the 
body is irradiated with light, and detecting this received 
light signal; a threshold value table for storing threshold 

35 values which can be used for grading the received light 
signal; and a touch information generating means for 
comparing the received light signal and the threshold 
value, grading the received light signal, and generating 
touch information in which the touch sensation at the 

40 detection site has been quantified. 

[0019] The invention according to claim 3 is character- 
ized in the provision of a detecting means for receiving 
reflected light obtained when the detection site on the 
body is irradiated with light, and detecting this received 

45 light signal; a threshold value calculating means for cal- 
culating the threshold values, which can be used for 
grading the received light signal, based on the light sig- 
nal received when there is no pressure being applied at 
the detection site: a threshold value table for storing the 

so threshold values; and a touch information generating 
means for comparing the received light signal and the 
respective threshold values, grading the received light 
signal, and generating touch information in which the 
touch sensation at the detection site has been quanti- 

55 tied. 

[0020] The invention according to claim 4 is character- 
ized in the provision of a detecting means for receiving 
reflected light obtained when the detection site on the 
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body is irradiated with light, and detecting this received 
light signal: a threshold value calculating means for cal- 
culating the threshold values, which can be used for 
grading the received light signal, based on the light sig- 
nal received when there is no pressure being applied at 5 
the detection site and based on the light signal received 
when maximal pressure is being applied at the detec- 
tion site: a threshold value table for storing the threshold 
values: and a touch information generating means for 
comparing the received light signal and the respective 70 
threshold values, grading the received light signal, and 
generating touch Information in which the touch sensa- 
tion at the detection site has been quantified. 
[0021 ] The invention according to claim 5 is character- 
ized in the provision of a detecting means for receiving 15 
reflected light obtained when the detection site on the 
body is irradiated with light, and detecting this received 
light signal; a calibration table for storing in advance the 
relationship between the received light signal and the 
pressure applied at the detection site; a threshold value 20 
calculating means for associating the light signal 
received when no pressure is applied to the detection 
site and the light signal received when maximal pres- 
sure is applied at the detection site, to the relationship 
stored in the calibration table between the received light 25 
signal and the pressure applied at the detection site, 
thereby calculating threshold values which can be used 
for grading the received light signal; a threshold value 
table for storing the threshold values; and a touch infor- 
mation generating means for comparing the received 3o 
light signal and the respective threshold values, grading 
the received light signal, and generating touch informa- 
tion in which the touch sensation at the detection site 
has been quantified. 

[0022] The invention according to claim 6 is character- 35 
ized in that the threshold value calculating means calcu- 
lates threshold values, which can be used for grading 
the received light signal, based on the DC level of the 
received light signal; and the touch information generat- 
ing means compares the DC level of the received light 40 
signal and the respective threshold values, grades the 
received light signal, and generates touch information In 
which the touch sensation at the detection site has been 
quantified. 

[0023] The invention according to claim 7 is character- 45 
ized in that the threshold value calculating means calcu- 
lates threshold values, which can be used for grading 
the received light signal, based on the amplitude level of 
the received light signal; and the touch information gen- 
erating means compares the amplitude level of the so 
received light signal and the respective threshold val- 
ues, grades the received light signal, and generates 
touch information in which the touch sensation at the 
detection site has been quantified. 
[0024] The invention according to claim 8 is character- 55 
ized in that the threshold value calculating means calcu- 
lates threshold values, which can be used for grading 
the received light signal, based on the ratio of the DC 



ievei and amplitude level of the received light signal; and 
the touch information generating means compares the 
threshold values with the ratio of the DC level and the 
amplitude level of the received light signal, grades the 
received light signal, and generates touch information in 
which the touch sensation at the detection site is quan- 
tified. 

[0025] The invention according to claim 9 is character- 
ized in that the detecting means irradiates the detection 
site on the body with light having a wavelength in the 
range of 300 to 700 nm, receives the reflected light, and 
detects the received light signal. 
[0026] The invention according to claim 10 is charac- 
terized in that the detecting means is provided with a 
light generating member for generating light; a first light 
polarizing member for polarizing light generated by the 
light generating member; a second light polarizing 
member for incidenting reflected light from the polarized 
light, and permitting passage of light components polar- 
ized in a specific direction; and a light receiving member 
for receiving the light which has passed through the 
second polarizing member and outputting a received 
light signal in response to the amount of received light 
[0027] The invention according to claim 1 1 is charac- 
terized in that the detecting means is provided with a 
light generating member for generating light: a first light 
polarizing member for polarizing light generated by the 
light generating member; a second light polarizing 
member for incidenting reflected light from the polarized 
light, and permitting passage of light components polar- 
ized in a specific direction; and a light receiving member 
for incidenting the Light which has passed through the 
second polarizing member; wherein the light receiving 
member comprises a light resonating member for reso- 
nating incidented light and an outputting member for 
outputting a received light signal in response to the light 
resonated by the light resonating member. 
[0028] The invention according to claim 12 is charac- 
terized in that the detecting means is provided to the fin- 
gertip area. 

[0029] The invention according to claim 1 3 is a touch 
notifying device provided with a touch detecting device, 
characterized in the provision of a notifying means for 
notifying the user of touch information generated by the 
touch information generating means. 
[0030] The invention according to claim 1 4 is charac- 
terized In that a plurality of touch detecting means are 
provided, and in that the touch information is employed 
as input information. 

[0031 ] The invention according to claim 1 5 is a touch 
replicating device provided with the touch detecting 
device, characterized in the provision of a notifying 
means for prompting the user so that the touch informa- 
tion supplied from the outside and the touch information 
generated by the touch information generating means 
approach one another. 

[0032] The Invention according to claim 1 6 is a touch 
replicating device provided with the touch detecting 
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device, characterized in the provision of a comparing 
means for comparing the touch information supplied 
from the outside and the touch information generated by 
the touch information generating means, and a pres- 
sure means for applying pressure at the detection site 5 
based on the results of the comparison by the compar- 
ing means, so that the touch information supplied from 
the outside and the touch information generated by the 
touch information generating means coincide. 
[0033] The invention according to claim 1 7 is a touch 10 
transmission system in which the touch detecting 
device is provided to the transmitting side and the touch 
replicating device is provided to the receiving side, char- 
acterized in the provision of a transmitting means which 
carries out communication between networks, and is 
transmits touch Information detected by the touch 
detecting device to the network; and a receiving moans 
which can-ies out communication between networks, 
and outputs touch information supplied from the trans- 
mitting side as touch information supplied from the out- 20 
side. 

[0034] The invention according to claim 1 8 is a pulse 
diagnostic device provided with a pulse detecting 
device, characterized in the provision of a pulse diag- 
nosing means for performing pulse diagnosis based on 25 
touch information generated by the touch information 
generating means. 

[0035] The invention according to claim 1 9 is a pulse 
diagnostic device provided with a touch detecting 
device, characterized in the provision of a recording 30 
means for storing in advance standard touch informa- 
tion showing the degree of pressure during the pulse 
diagnosis; and a pulse diagnosing means for carrying 
out a pulse diagnosis based on the touch information 
generated by the touch information generating means 35 
and the standard touch information, 
[0036] The invention according to claim 20 is a pulse 
diagnosis training device provided with touch detecting 
device, characterized in the provision of a recording 
means for storing in advance standard touch informa- 40 
Won showing the degree of pressure during the pulse 
diagnosis; a pulse diagnostic information generating 
means for generating pulse diagnostic information after 
grading the touch information based on the standard 
touch information; and a notifying means for notifying 45 
the user of the pulse diagnostic information. 
[0037] The invention according to claim 21 is charac- 
terized in that the notifying means notifies the user so 
that the touch information generated by the touch infor- 
mation generating means approaches the standard so 
touch information. 

[0038] The invention according to claim 22 is charac- 
terized in that a test subject carries out pulse diagnosis 
by attaching the detecting means to his fingertips, and 
the notifying means notifies the test subjects. ss 
[0039] The invention according to claim 23 is charac- 
terized in that a third party carries out pulse diagnosis 
by attaching the detecting means to the fingertips, and 



the notifying means notifies the third party 
[0040] The invention according to claim 24 is a pulse 
diagnostic information transmission system provided 
with a touch detecting means on the transmitting side 
and a touch replicating means on the receiving side, 
characterized in the provision of a transmitting means 
that carries out communications between networks and 
transmits touch information detected by the touch 
detecting device as pulse diagnostic information to the 
network; and a receiving means which carries out com- 
munications between networks and outputs the pulse 
diagnostic information from the transmitting side to the 
touch replicating device as touch information supplied 
from the outside. 

[0041] The invention according to claim 25 is a pulse 
diagnostic information transmission system provided 
with a touch detecting device on the transmitting side 
and a touch replicating device on the receiving side, 
characterized in the provision of a transmitting means 
which generates touch information based on a received 
light signal obtained as a result of pulse diagnosis per- 
formed by a test subject on the transmitting side who 
attaches a detecting means to his fingertips, and trans- 
mits this touch information to a network as pulse diag- 
nostic information; and a receiving means which carries 
out communications between networks, and outputs 
pulse diagnostic information from the transmitting side 
to the touch replicating device as touch information sup- 
plied from the outside. 

[0042] The invention according to claim 26 is a pulse 
diagnostic information transmission system provided 
with a touch detecting device on the transmitting side 
and a touch replicating device on the receiving side, 
characterized in the provision of a transmitting means 
which generates touch information based on the 
received light signal obtained as a result of pulse diag- 
nosis of a test subject on the transmitting side by a third 
party who attaches a detecting means to his fingertips, 
and transmits this touch information to a network as 
pulse diagnostic information; and a receiving means 
which carries out communications between networks, 
and outputs the pulse diagnostic information from the 
transmitting side to the touch replicating device as touch 
information supplied from the outside. 

BRIEF DESCRIPTION OF THE FIGURES 

[0043] 

FIG. 1 is an explanatory figure showing the Lam- 
bert-Beer rule. 

FIG. 2 is an explanatory figure showing one exam- 
ple of the light absorption distribution when blood 
vessels in a human being are irradiated with light 
from the outside. 

FIG. 3 is a graph showing an example of blood 

pressures at various sites within the body. 

FIG. 4 is an explanatory figure showing an example 
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of the outer structure of the touch detecting device 
according to a first embodiment of the present 
invention. 

FIG. 5 is a block diagram of the touch detecting 
device according to this same embodiment. 
FIG. 6 is a circuit diagram showing the detailed 
structure of pulse wave detector 1 employed in the 
same embodiment. 

FIG. 7 is a graph showing the relationship between 
the received light level and the pressure measured 
for three test subjects. 

FIG. 8 is a block diagram of the touch transmission 
system according to a second embodiment of the 
present invention. 

FIG. 9 is an explanatory figure for explaining one 
example of a screen shown on the display of the 
first and second personal computer according to 
the same embodiment. 

FIG. 10 is an explanatory figure showing the state 
of use of the pulse diagnostic device according to 
the third embodiment of the present invention. 
FIG. 1 1 is an explanatory figure showing the rela- 
tionship between the threshold values and the pres- 
sure-finger sensation trend curve according the 
same embodiment. 

FIG. 12 shows an example of the display appear- 
ance on the liquid crystal display member accord- 
ing to the same embodiment. 
FIG. 13 shows another example of the display 
appearance on the liquid crystal display member 
according to the same embodiment. 
FIG. 14(A) is a cross-sectional diagram showing an 
example of the structure of pulse wave detector 1' 
according to a modification of the present invention; 
FIG. 14(B) is a planar view thereof. 
FIG. 1 5 is a figure for explaining the pressure-finger 
sensation trend diagram. 

FIG, 16 shows a representative pressure-finger 
sensation trend curve. 

FIG. 17(a) shows a structural overview of a pulse 
wave detector according to a modification of the 
present invention showing the structure in the case 
where detecting a directly reflected light compo- 
nent; FIG. 17(b) is a structural overview in the case 
where detecting the scattered light component. 
FIG. 18(a) is a cross-sectional view from the side 
showing the optimal structure of a photo diode 
employed as a light receiving element according to 
a modification of the present invention; FIG. 18(b) is 
an electrical circuit for extracting an output. 
FIG. 19 is a cross-sectional view from the side 
showing the optimal structure of a semiconductor 
laser employed as a light emitting element accord- 
ing to a modification of the present invention. 
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PREFERRED EMBODIMENTS OF THE PRESENT 
INVENTION 

A. Principle of touch detection 

5 

[0044] Before explaining the preferred embodiments 
of the present invention, the principle of touch detection 
employed in the present invention will first be explained 
in terms of detection of blood flow volume and touch 
10 indicators. 

1 . Detection of blood flow volume 

[0045] When light irradiates a thin film, the ratio of the 
15 incidenting light and the transmitted light decreases by 
just an amount proportional to the concentration of the 
matter and the optical path length. This is known as the 
Lambert-Beer rule. 

[0046] According to the Lambert-Beer rule, the mat- 
so ter's concentration is determined as follows. 

[0047] . FIG. 1 is an explanatory figure showing the 
Lambert-Beer rule. 

[0048] As shown in FIG. 1(a), the following equation 
may be established wherein C is the concentration of 
25 matter M, A L is the length of an extremely small optical 
path, Ijn is the quantity of incidenting light, and k is the 
coefficient of light absorption by matter M. 

l^,/li, = 1.KCAL (1) 

30 

[0049] As shown in FIG. 1 (b), if the optical path length 
is increased 5-fold, then the relationships in equation (1) 
changes as follows. 

35 l,^/li„=(1-kCAL)' (2) 

[0050] For example, if the incidenting light quantity Ijn 
shown in FIG. 1(a) is 10, and the transmitted light quan- 
tity is 9, then for the case shown in FIG. 1 (b). the trans- 
40 mitted light quantity is 5.9 for a Incidenting light quantity 
of 10. i.e., Win=0-9^- 

[0051] Thus, Integrating equation (1), the relationship 
between the incidenting light volume and the transmit- 
ted light volume for an optional distance L becomes: 

45 

>og(> out/I in) = (-kCL) (3) 

Rearranging equation (3) yieldS: 

50 l^^,=l,nXexp(-kCL) (4) 

[0052] As may be understood from the above then, if 
the incidenting light quantity Ijn. the absorbed light coef- 
ficient k and the optica! path length L are constant, then 
55 the change in the concentration of matter M can be 
measured by measuring the transmitted Light volume 

'out- 

[00S3] Further, even if the light reflected by matter M 
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is measured instead of the transmitted light volume, the 
change in the concentration of matter M can be meas- 
ured according to exactly the same principle as 
described above. 

[0054] When matter M is blood, then the measure- 
nnent of the change in concentration is equivalent to 
measuring the pulsation of the blood, i.e., measuring 
the blood flow volume. 

[0055] FIG. 2 is an explanatory figure showing one 
example of the absorbed tight distribution when blood 
vessels in a human being are irradiated with light from 
the outside. 

[0056] In this figure, Ig is the component of light 
absorbed by the tissues, I3 is the component of light 
absorbed by the veins, and 1 4 is the component of light 
absorbed by the arteries. 

[0057] The component I2 of light absorbed by the tis- 
sues is constant since tissue concentration does not 
change. The component I3 of light absorbed by the 
veins is also constant. This is because there is no pulsa- 
tion in the veins, thus, there is no change In concentra- 
tion. FIG. 3 is a graph showing an example of blood 
pressure at sites inside the body. As may be understood 
from this figure, the pulsation of blood pumped out from 
the heart gradually dissipates as the blood moves 
through the body, and is completely gone by the time 
the Wood reaches the veins. On the other hand, in the 
case of component I4 of light absorbed by the arteries 
(see FIG. 2). there are concentration changes corre- 
sponding to the pulse, thus, the degree of absorbed 
light. Accordingly when the blood vessels are irradiated 
with light, and the quantity of transmitted or reflected 
light is measured, these measurements include compo- 
nents I2-I4 therein. If the total of the absorbed light com- 
ponent I3 due to venous blood and the absorbed light 
component I4 due to arterial blood Is 100%. then the 
proportion of absorbed light component I4 due to arte- 
rial blood is 1-2% and the remaining 98-99% is 
absorbed light component I3 due to venous blood. 

2. Touch indicators 

[0058] When a person grips an object with the fingers, 
the pressure inside the finger rises and the blood flow 
volume falls. In this case, the absorbed light component 
I2 due to tissues stays roughly constant since the tissue 
concentration does not change much from before or 
after the object is gripped. In contrast, however, both 
absorbed light component I3 due to venous blood and 
absorbed light component I4 due to arterial blood 
change since the blood volume decreases. The present 
invention was conceived after taking notice of this fact. 
By in'adiating blood vessels with light, receiving the 
transmitted or reflected light, and then measuring the 
change in the light quantity, the gripping force (touch) is 
indirectly measured. 

[0059] A venous blood component proportional to the 
blood flow capacity of the venous blood and an arterial 



biood connponent proportion to the blood flow capacity 
of the arterial blood are present in the received light 
quantity. For this reason, the DC component of the 
received light quantity is obtained by adding the aver- 

5 age value ot the arterial blood component and the 
venous blood component. In contrast, the AC compo- 
nent of the received light quantity is the amplitude of the 
arterial blood component. The arterial blood component 
is synchronized with the heartbeat, and therefore the 

10 AC component changes according to the psychological 
state of the test subject. For example, if the test subject 
is tense, then the heartbeat becomes stronger, causing 
the AC component to increase. Conversely, if the test 
subject is relaxed, then the AC component tends to 

15 decrease. In contrast, the venous blood component Is 
not effected by the subject's psychological state, but will 
change depending on the environmental temperature or 
other such factors experienced by the test subject. 
Accordingly, the DC component changes from summer 

20 to winter, or afternoon to evening. 

[0060] The absorbed light component I3 due to 
venous blood is approximately 50 to 100 times greater 
than the absorbed light component I4 due to arterial 
blood. Thus, the arterial blood component comprising 

25 the DC component of the received light quantity is 
extremely small. Accordingly, if the DC component of 
the received light quantity is designated as a touch Indi- 
cator, then touch sensations can be measured without 
being subject to any psychological effect. Moreover, 

30 since the detection is performed at a large level as com- 
pared to the AC component the S/N ratio is also good. 
Accordingly, in the present embodiments, the DC com- 
ponent of the received light quantity will be employed as 
the Indicator for touch. 

35 

B, Embodiment 1 

1. Structure of Embodiment 1 

40 [0061] The structure of the first embodiment of the 
present invention will now be explained with reference 
to the figures. 1 -1 : External structure of Embodiment 1 
[0062] FIG. 4 is an explanatory figure showing an 
example of the outer structure of the touch detecting 

45 device according to a first embodiment of the present 
invention. As shown In FIG. 4. the touch detecting 
device Is formed of a device main body 100 having a 
wristwatch structure; a cable 101 connected to device 
main body 100: and a pulse wave detector 1 . 

50 [0063] A wristband 103 Is attached to device main 
body 100 which wraps around the user's wrist from the 
1 2 o'clock position and affixes at the 6 o'clock position of 
the wristwatch. Device main body 100 can be freely 
attached and removed from the user's wrist by means of 

55 this wristband 1 03, A pressure sensor 1 1 0 is provided to 
wristband 103 on the device main body side at the 12 
o'clock position on the wristwatch. Pressure sensor 1 1 0 
is formed in the shape of a sheet, and is formed of a 
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combination of electrodes and a pressure sensitive con- 
ductive material 

[0064] Pulse wave detector 1 is comprised of finger 
sack 104 and sensor unit 102 in which light emitting and 
light receiving members are formed in a unitary manner 
In this example, pulse wave detectors 1 are attached to 
the fingertips of each of the second through fourth fin- 
gers. In this case, sensor unit 102 is provided on the 
inside of finger sack 104 so that it is positioned above 
the nail of the finger. Finger sack 104 is formed of a 
light-blocking material. Thus, it is possible to block 
external light from incidenting on sensor unit 102, so 
that the SN ratio for the pulse wave signal can be 
increased. An opening is provided in finger sack 104 on 
the finger pad side thereof. As a result, finger sack 104 
is not a hindrance when touching or gripping an object 
with the pads of the fingers. Accordingly, it is possible to 
detect touch through natural sensations. 
[0065] A connector 105 is provided at the 6 o'clock 
position on the face of the wristwatch. A connector 
piece 106. which is provided to the end of cable 101, is 
releasaWy attached to connector 105. By releasing con- 
nector piece 106 from connector 105, the device may be 
used as an ordinary wristwatch or stopwatch. Connec- 
tor piece 1 05 is designed so as to be connected to a 
communications connector (not shown) for a personal 
computer. This communications connector incorporates 
an LED and phototransistor. In addition, an infrared 
interlace is provided inside device main body 100 of the 
wristwatch, for carrying out the optical communications 
explained below. 

[0066] Also, in order to protect connector piece 1 05, a 
specific connector cover is attached when cable 101 
and sensor unit 102 are released from connector 105. 
With the exception of electrode components and the 
like, this connector cover may be formed of parts formed 
in the same way as connector piece 106, 
[0067] As a result of a connector design as formed 
above, connector 105 is disposed toward the user, facil- 
itating its manipulation. In addition, since connector 105 
does not extend out from device main body 100 in the 3 
o'clock position, the user can freely move his wrist dur- 
ing exercise. Thus, even if the user falls during exercise, 
the back of the hand will not impact connector 105. 
[0068] Device main body 1 00 is provided with a watch 
case 107 made of a resin. A liquid crystal display 108 is 
provided to the face of watch case 1 07 which displays in 
digital form the current time and date, as well as touch 
information SJ such the gripping force. LCD device 108 
is comprised of first, second, and third segment display 
regions (not shown) and a dot display region. The first 
segment display region displays the date, day of the 
week and current time. The second segment display 
region displays the passage of time when carrying out 
various time measurements. The third segment display 
region displays various measured values obtained 
when measuring touch The dot display region graphi- 
cally displays various information, in addition to a variety 



of other displays such as a mode display, which indi- 
cates which mode the device is in at a particular time, 
pulse waveform display bar graph display and the like. 
[0069] Note that the term "mode" as used here refers 
5 to a variety of modes such as a mode for setting the 
time and date, a mode for using the device as a stop 
watch, a touch mode for using the device as a touch 
detecting device, and the like. 



[0070] Next, the electrical structure of the touch 
detecting device will be explained with reference to 
FIQ.5. FIG. 5 is a block diagram of the touch detecting 
15 device according to a first embodiment of the present 
invention. 

[0071] In FIG. 5, numbers 2 and 3 indicate A/D con- 
verters which respectively convert the received light sig- 
nal LS from pulse wave detector 1 and the pressure 

20 signal PS from pressure sensor 1 10 to digital data. Note 
that it is sufficient that the DC component of the 
received light level, the touch indicator, be a relative 
value. Thus, it is not necessary that pressure sensor 
103 be a precise device for detecting absolute values. 

25 rather a presser sensor 103 that detects relative values 
is sufficient. 

[0072] Numeral 4 indicates a CPU (central processing 
unit) which controls all parts of the main device via a 
bus. 5 is RAM (random access memory), comprising a 

30 calibration table 50 employed when detecting touch, a 
threshold value table 51 employed when grading touch 
information SJ. and data register 52 for storing various 
data, 6 is a ROM (read only memory) in which the con- 
trol programs employed in CPU 4 are stored. 7 is a dis- 

35 play control circuit which displays touch Information SJ 
and time information on LCD 108, based on the display 
data sent by CPU 4. 8 is an infrared interface for carry- 
ing out communications with personal computer PC. 
[0073] The detailed structure of pulse wave detector 1 

40 will now be explained using the circuit diagram shown in 
FIG. 6. In FIG. 6. resistor R1 and LED con-espond to the 
light ennitting member, while resistor R2 and photo tran- 
sistor PT correspond to the light receiving member 
When a voltage Vcc from the power source is 

45 impressed on pulse wave detector 1 , light is Irradiated 
from the LED. After being reflected by ttie blood vessels 
and tisstles. the light Is received at photo transistor PT. 
If the quantity of received light is increased, the base 
current of photo transistor PT increases, and the collec- 

50 tor voltage (the level of received light signal LS, herein- 
after referred to as "received light level") decreases. The 
wavelength of the light emitted from the LED is selected 
to be near the absorption wavelength peak for blood 
hemoglobin. Thus, the received light level changes in 

55 response to the blood flow volume, and the blood flow 
volume changes in response to the pressure applied on 
the finger. Accordingly, by detecting the received light 
level, it is possible to detect the touch sensation regis- 
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tered by an individual when gripping an object. 
[0074] An InGaN-type (indium gallium-nitrogen) blue 
LED is suitably employed for the LED. The generated 
light spectrum of a blue LED has a peak at 450 nm. for 
example, with the generated light wavelength region 
being in the range of 350 to 600 nm. In this case, a 
GaAsP-type (gallium-arsenic-phosphorous) photo tran- 
sistor PT may be used for the photo transistor PT corre- 
sponding to the LED having the light emitting 
characteristics described above. The received light 
wavelength region of photo transistor PT has, for exam- 
ple, a main sensitive region in the range of 300 to 600 
nm. with a sensitive region also present below 300 nm. 
[0075] When a blue LED and photo transistor PT such 
as desaibed above are combined, the pulse wave is 
detected in the overlapping wavelength region of 300 to 
600 nm. This offers the following advantages. 
[0076] In the case of outside light, it terxJs to be diffi- 
cult for light having a wavelength region of 700 nm or 
less to pass through the tissues of the finger. For this 
reason, even if the Portion of the finger not covered by 
finger sack 104 is irradiated with outside light, the light 
does not reach photo transistor PT through the finger 
tissue. Rather, only light in the wavelength region which 
does not influence the detection reaches photo transis- 
tor PT. On the other hand, light in the low wavelength 
region from 300 nm is almost entirely absorbed at the 
skin surface. Thus, even if the received light wavelength 
region is set to 700 nm or less, the actual received light 
wavelength region is 300 to 700 nm. Accordingly, it Is 
possible to control the impact of outside light, without 
having to significantly cover the flnger 
[0077] Moreover, the absorption coefficient of blood 
hemoglobin with respect to light having a wavelength of 
300 to 700 nm is large, and is several to 100-fold greater 
than the absorption coefficient with respect to light hav- 
ing a wavelength of 880 nm. Accordingly, as in this 
example, when light in the wavelength region (300 to 
700 nm) having large absorption characteristics match- 
ing the absorption characteristics of hemoglobin is 
employed as the light which is detected, the detected 
values therefor vary with good sensitively in response to. 
changes in blood volume. Thus, it is possible to 
increase the S/N ratio of the pulse wave signal which is 
based on the change in blood volume. 
[0078] In the case where a person is applying pres- 
sure with his fingers, individual differences emerge with 
respect to the relationship between the pressing force 
and the received light level. This point will be explained 
with reference to the figures. FIG. 7 is a graph showing 
the relationship between pressing force and the DC 
component of the received light level. The black triangle, 
white triangle, and black square represent the results 
obtained for measurements on a 21 year old male (test 
subject A). 41 year old male (test subject B). and 44 
year old male (test subject C), respectively. So that rt is 
not effected by the changes in blood flow volume in syn- 
chronization with arterial blood, the DC component of 



the received light level is measured using a low pass fil- 
ter having a sufficiently low cut-off frequency. 
[0079] As shown in FIG. 7, when the pressing value is 
varied from 20 g/cm^ to 200 glcvr?, the DC component 

5 associated with test subject A changes from 1 .8 V to 1 .4 
V, the DC component associated with test subject B 
changes from 1.4 V to 0.95 V, and the DC component 
associated with test subject C changes from 1.0 V to 
0.65 V. Thus, while the DC component of the received 

10 light level tends to decrease monotonously when the 
pressing value is increased, it may be understood that 
the range of this variation differs depending on the test 
subject. In other words, individual differences may be 
seen in the relationship between pressing force and the 

75 received light level. This Is due to the fact that there are 
differences between Individuals with respect to the 
thickness of the blood vessels, the amount of hemo- 
globin in the blood, and the tissue elasticity coefficient, 
for example. 

20 [0080] The reason that the DC component of the 
received light level decreases monotonously when the 
pressing value is increased Is as follows. Namely, when 
the finger is pressed down, the pressure inside the fin- 
ger rises, while the blood flow volume falls. This is 

25 accompanied by a reduction in the absorption by hemo- 
globin. For this reason, the quantity of reflected light 
which has incidented on the light receiving member 
increases and the received light level falls. 
[0081] The AC component of the received light level 

30 varies according to the psychological state of the test 
subject, while the DC component changes according to 
the environnental temperature and other such condi- 
tions experienced by the test subject. Accordingly even 
in the same Individual, differences will exist in the rela- 

35 tionship between pressing force and the received light 
level. 

[0082] This embodiment grades the touch sensation 
registered by the finger based on the DC component of 
the received light level. However, as explained above, 

40 the relationship between the pressing force and the 
received light level will differ between individuals as well 
as within the same individual. Thus, the touch informa- 
tion SJ obtained here is relative data. 
[0083] When grading the touch sensation, some sort 

45 of threshold value is required. Since the relationship 
between the pressing force and the received light level 
will differ between individuals and within the same indi- 
vidual, it is necessary to correct the received light level 
when measuring touch information SJ. Pressure sensor 

50 1 10 is provided for this purpose. 

2: Operation of Embodiment 1 

[0084] Next, the, operation of the first embodiment will 
55 be explained with reference to the figures. 
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(1) Generation of caiForation iabie 

[0085] Pri(Dr|t(f fe^asiit ih^ toudh i rrformatibh ^SJTiTcal- 
ibration table 50 is generated in the touch detecting 
device. When devioe main body 100 is operated to 
place it in the touch detecting nnode. CPU 4 displays the 
message "attach finger band, press button when ready" 
on LCD 108. Prompted by the message, the user 
attaches pulse wave detectors 1 to the fingertips of 
each of the fingers, and presses the button. Once CPU 

4 has detected manipulation of the button, it displays the 
message "remove wristwatch, press button when 
ready" on LCD 108. 

[0086] Following the prompt, the user removes device 
main body 100 from his arm and presses the button. 
When CPU 4 detects this, it performs digital filter calcu- 
lations to obtain the DC component from the received 
light level. The DC component of the received light level 
is stored in data register 52. Since pressure is not being 
applied to the finger in this case, the DC component of 
the received light level that is stored shows the maxi- 
mum value Lmax of the received light level. Thereafter. 
CPU 4 displays the message "slowly press finger 
against pad" on LCD 108. Prompted by the message, 
the user presses down on pressure sensor 1 10 by grad- 
ually applying force into the finger. CPU 4 stores the 
relationship between the DC component of the received 
light level and the degree of pressure which are chang- 
ing over time in calibration table 50. 

(2) Generation of threshold value table 

[0087] After the passage of a specific period of time, 
CPU 4 displays the message "Please apply nrx>re force" 
on LCD 1 08. As a result, the user presses pressure sen- 
sor 110 with maximal force. Pmax, the maximum value 
for the degree of pressure, and Lmin, the minimum 
value for the DC component, are detected at this time, 
with these values staed in data register 52. 
[0088] Next, CPU 4 reads out the maximum value 
Pmax for the degree of pressure from data register 52. 
equally divides maximum value Pmax in response to 
the number of gradings, and determines each of the 
threshold values for the degree of pressure. For exam- 
pie, assuming a maximum value Pmax=200 g/cm^ and 

5 step grading, then the threshold values for each of the 
degree of pressures are 0, 40, 80, and 160 g/cm^. 
[0089] Next, CPU 4 refers to calibration table 50, and 
determines each of the received light levels in response 
to each of the threshold values for the degree of pres- 
sures. These values are stored in threshold value table 
52 as threshold values for the received light levels. In 
other words, the received light levels when pressure is 
not being applied and when pressure is being maximally 
applied are correlated with the relationship between 
pressing force and the received light level stored in cali- 
bration table 51 , and the threshold values, which are the 
standard when grading the received light level, are 



determined. 

[0090] Note that the generation of calibration table 50 
and threshold value table 52 is performed for each fin- 
ger of the hand. 

5 

(3) Measurement of touch information 

[0091 ] Once generation of threshold value table 51 is 
completed, CPU 4 displays the message "fasten device 

10 to arm with band, push button when ready" on LCD 1 08. 
Prompted by the message, the user wraps wristband 
1 03 around his arm to fix device main body 1 00 in place, 
and presses the button. CPU 4 detects depression of 
the button, and displays the message "touch-sensing 

15 mode" on LCD 108. When the person grips an object 
thereafter, the person feels the reaction force from the 
object in the fingers as the touch sensation. When the 
received light signal LS detected by pulse wave detec- 
tors 1 is input to device main body 100, the CPU com- 

20 pares the received light level at each specific sample 
timing with each of the threshold values stored in 
threshold value table 51 , grades the received light level, 
and generates these results as touch information SJ. 
This touch information SJ is stored in data register 52, 

25 and sent to LSD 108 for display there. 

C. Embodiment 2 

[0092] The second embodiment of the present inven- 
30 tion relates to a touch transmission system employing 
the touch detecting device explained in the first embod- 
iment, this touch transmission system transmitting 
touch such as grip sensation from the site at which 
measurements were made to another point some dis- 
ss tance away. 

1 . Structure of the touch transmission system 

[0093] The structure of the touch transmission system 

40 according to the second embodiment will now be 
explained with reference to the figures. FIG. 8 is a block 
diagram of a touch transmission system. In the figure, 
first and second personal computers PCI and PC2 are 
provided with sound and image input and output mem- 

45 bers AVI and AV2. Sound and image input and output 
members AVI, AV2 are comprised of a microphone for 
the sound input member, a camera for the image input 
member, a speaker for the sound output member, and a 
display for the image output member (not shown in the 

50 figures). First and second personal computers 
PC1,PC2 are each provided with infrared interfaces 
ASF.BSF for communicating with the first and second 
touch detecting devices A,B via infrared rays. Communi- 
cation interfaces ATF.BTF function as transmitting and 

55 receiving means for first and second touch information 
SJa.SJb, and carry out communications between first 
and second personal computers PC1,PC2 via a net- 
work NET. 
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2. Operation of the touch transmission system 

[0094] Next, the operation of the touch transmission 
system according to a second embodiment of the 
present invention will now be explained with reference 
to the figures. In this example, the system is applied to 
a golf lesson, with the instructor on the first touch 
detecting device A. and the student on the second touch 
detecting device B. 

[0095] The instructor and student each attach pulse 
wave detectors 1 to each of the ringers on both hands. 
When the instructor grips the golf club, touch informa- 
tion SJa corresponding to the gripping force of each fin- 
ger is detected by first touch detecting device A. When 
this touch information SJa is relayed to first personal 
computer PCI via infrared interface A8, first personal 
computer PCI sends the touch information SJa to sec- 
ond personal computer PC2 via network NET. Con- 
versely, when the student grips the golf club, the touch 
information SJb detected at this time is sent to first per- 
sonal computer PCI via the opposite pathway. 
[0096] The screen shown in FIG. 9 is displayed on the 
display which forms sound and image input and output 
members AV1. AV2. for example. The white bar on the 
screen is generated based on touch information SJa 
from the instructor, while the hatched bars are gener- 
ated based on touch information SJb from the student. 
When the instructor determines that the student is 
directing too much force into his right hand based on 
this screen, then the instructor can advise the student 
"to apply more force to the thumb and index finger of the 
left hand and touch the club lightly with the right hand". 
Using the screen and the advice received from the 
instructor, the student can then increase or decrease 
the force applied to each of the fingers so that the 
hatched bars match the white bars on the screen. 
[0097] In this exannple, touch information SJa and SJb 
are information in which the relative touch has been 
quantified. Thus, while it is hot possible to make the 
absolute values of the gripping force equivalent, the 
instructor is able to convey his sensation of gripping the 
golf club to the student. 

D. Embodiments 

[0098] The touch detecting device explained in the 
first embodiment enables grading the degree of pres- 
sure as touch information, without impairing the user's 
sensation of touching an object with his fingers. Thus, if 
the above-described touch detecting device is applied in 
a pulse diagnosis, the degree of pressure can be 
graded, enabling the degree of pressure applied by a 
physician skilled in pulse diagnosis to be conveyed 
objectively to a third person. The third embodiment of 
the present invention relates to a pulse diagnostic 
device that employs the touch detecting device. 



1. Structure of Embodiment 3 

[0099] The external structure of the pulse diagnostic 
device according to a third embodiment of the present 

5 invention is similar to that of the touch detecting device 
in the first embodiment shown in FIG. 4. FIG. 10 is an 
explanatory figure showing the usage state of the pulse 
diagnostic device. In this example, the user attaches 
pulse wave detector 1 to the tips of the fingers on the 

10 right hand, and presses down on the patient's radius 
artery 20 via the overlying skin. In this case, pulse wave 
detectors 1 are attached to the index, middle and third 
fingers. 

[0100] As a result, the user registers the so-called 

15 sunkou pulse from the radius artery located on the 
inside of the wrist The sunkou pulse is detected at 
three sites -- upper,- middle and lower, i.e., sunn, kann, 
and shaku sites. Here, sunn indicates the wrist pulse at 
the periphery, with the sunn pulse expressing the indi- 

20 vidual's state of health from head to the chest. The sunn 
pulse is detected by the index finger. Kann indicates the 
pulse at an intermediate location between the periphery 
and the heart, with the kann pulse expressing the indi- 
vidual's state of health from chest to heart. The kann 

25 pulse is detected by the middle finger. Shaku indicates 
the pulse at the heart, with the shaku pulse expressing 
the individual's state of health from heart to legs. The 
shaku pulse is detected by the third finger, 
[01 01 ] The electrical structure of the pulse diagnostic 

30 device is similar to the structure of the touch detecting 
device in Embodiment 1 shown in FIG. 4. However, the 
relationship between finger sensation h and touch infor- 
mation (pressure. P) when a skilled physician conducts 
a pulse diagnosis is stored in ROM 6 as a table for each 

35 of the pressure-finger sensation trend curve types, i.e., 
normal, gradually falling and gradually rising (see FIG. 
16). In addition, threshold values P1,P2 shown in FIG. 
1 1 are also stored in ROM 6 so that the type of pres- 
sure-finger sensation trend curve can be determined. 

40 From this perspective, ROM 6 functions as a storing 
means for storing in advance standard touch informa- 
tion shoving the degree of pressure when performing a 
pulse diagnosis. 

45 2. Operation of Embodiment 3 

[0102] The operation of the pulse diagnostic device 
according to a third embodiment of the present inven- 
tion will now be explained with reference to the figures. 

50 Note that the generation of (1) the calibration table and 
(2) the threshold value table explained in the operation 
of the first embodiment is assumed as a precondition to 
performing the pulse diagnosis. 
[0103] First, the user operates device main body 100 

55 to select the pulse diagnostic mode. The user then 
attaches pulse wave detectors 1 to his fingertips as 
shown in FIG. 10. Next, the user presses down on the 
patient's radius artery 200 with his index, middle and 
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third lingers. As a result, pulse wave detectors 1 
attached to each of the fingertips detect received light 
signals LS, and output these signals to device main 
body 100. CPU 4 compares the received light level at 
each specific sampling with the threshold values stored 
in threshold value table 51, grades the received light 
level, and generates these results as touch information 
SJ. Touch information SJ is the reactive force applied on 
the fingers from the skin tissues and blood vessels dur- 
ing pressing. Thus, it indicates the pressure P shown in 
FIG.16and FIG. 11. 

[0104] Under the control of CPU 4, touch information 
SJ is sent to LCD 108 and displayed there. FIG. 12 
shows an example of the display state on LCD 108. In 
this case, bar graph G1, corresponding to the sunn 
value, is displayed based on touch information SJ 
obtained from the index finger; bar graph G2, corre- 
sponding to the kann value, is displayed based on touch 
information SJ obtained from the middle finger; and bar 
graph G3. conesponding to the shaku value, is dis- 
played based on touch information SJ obtained from the 
third finger. Bar graphs G1-G3 rise or fall according to 
changes in the degree of pressure by each finger. 
Accordingly, the user can visually confirm the degree of 
pressure by each finger. In addition, using the displays 
on bar graphs Gl -G3, in which the length and display of 
partitioning lines L1 .L2 change, the user is able to know 
the degree of pressure corresponding to a xuan-mai 
pulse, for example. Specifically, if the pressing state is 
that shown in FIG. 12, then by slightly increasing press- 
ing by the index finger, the user is able to know the 
degree of pressure corresponds to a xuan-mai pulse. In 
this case, LCD 108 functions as a notifying means for 
notifying the user so that pressing (touch information 
SJ) approaches threshold values P1. P2 (standard 
touch information). 

[0105] Partitioning line LI shown at the upper part of 
FIG. 12 corresponds to threshold value P2 read out 
from ROM 6. while partitioning line L2 shown at the bot- 
tom part of FIG. 12 corresponds to threshold value PI . 
When a maximum finger sensation h is obtained when 
the bar graph exceeds partitioning line LI (i. a, when the 
pulse is felt clearly), then tne pressure-finger sensation 
trend curve is a gradually rising curve, and the pulse is 
determined to be a xuan-mai pulse. When a maximum 
finger sensation h is obtained when the bar graph falls 
below partitioning line LI , then the pressure-finger sen- 
sation trend curve is a gradually falling curve, and the 
pulse is determined to be a hua-mai pulse. 
[01 06] When a button on pulse diagnostic device main 
body 100 is operated, then the bar graphs G1-G3 dis- 
played on LCD 1 08 can be maintained at their peak val- 
ues. Bar graphs GV-GS' are the result obtained when 
the peak levels in bar graphs G1-G3 are maintained. 
Here, bar graph Gl * is displayed based on the maximum 
value of touch information SJ obtained from the index 
finger; bar graph G2' is displayed based on the maxi- 
mum value of touch information SJ obtained from the 



middle finger: and bar graph G3' is displayed based on 
the maximum value of touch information SJ obtained 
from the third finger. Note that the maximum value is 
obtained as a result of CPU maintaining touch informa- 

5 tion SJ at peak levels. Accordingly, by pressing while 
watching LCD 108, the user is able to know the finger 
sensation at maximal pressing. Arrows K90 displayed 
Inside bar graphs GV-G3' indicate 90% of the maximal 
level on each of the graphs. Arrows K50 indicate 50% of 

10 the maximal level on each of the graphs. As a result, it 
is possible for the user to confirm what the finger sensa- 
tion is when pressing at 50% or 90%, of the maximum 
level. 

[0107] In this example, the user can confirm whether 
15 bar graph 2 is rising or failing while sensing the degree 
of pressure by the fingertips. Thus, the user can adjust 
the degree of pressure by each of the fingers, so that he 
understands the degree of pressure, i.e.. the hua or 
xuan, registered by a skilled physician. Moreover, for 
20 example, when the sunn pulse is detected to be a hua- 
mai pulse, a determination can be made that a mam- 
mary tumor or the like may have occurred in the area 
from the head to the chest. When the kann pulse is 
detected to be a xuan-mai smooth pulse, a determina- 
25 tion may be made that a gastrointestinal disease may 
be present. 

[0108] In a pulse diagnosis, the examiner repeatedly 
increases and decreases the pressing force while 
searching for the degree of pressure at which the pulse 

30 can be felt most clearly. The finger sensation h changes 
in response to the degree of pressure P, and categoriz- 
ing the pressure-finger sensation trend curve according 
to this arrangement is as described above. Accordingly, 
if not only the degree of pressure at which the pulse can 

35 be most clearly registered, but also the state of the 
pulses which precede and proceed this point can be 
known, then a user who is not familiar with pulse diag- 
nosis is able to more objectively understand the pulse 
state, i.e., whether the pulse is a hua-mai pulse or a 

40 xuan-mai pulse. 

[01 09] The screen shown in FIG. 1 3 may be displayed 
on LCP 108. Pressure-finger sensation trerxJ curves 
G4-G6 shown in FIG. 13 are read-out from each of the 
tables stored in ROM 6 and displayed. In this example, 

45 gradually falling curved line G4 is displayed in blue, nor- 
mal curved line G5 is displayed in green, and gradually 
rising curved line G6 is displayed in red. Partitioning line 
LV on the left side corresponds to threshold value PI, 
while partitioning line L2' on the right side corresponds 

so to threshold value P2. Next, the black circles are indica- 
tor points corresponding to sunn pressures, and are 
displayed based on touch information SJ obtained from 
the index finger. The black triangles are indicator points 
corresponding to kann pressures, and are displayed 

55 based on touch information SJ obtained from the middle 
finger The black squares are indicator points corre- 
sponding to shaku pressures, and are displayed based 
on touch information SJ obtained from the third finger. 
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Each of these indicator points changes in response to 
changes in the degree of pressure at each finger, mov- 
ing along pressure-finger sensation trend curves G4- 
G6. 

[0110] Take, for example, the kann pressure. If the 
user reduces the degree of pressure from the state 
showing in the figure, then the black triangle indicator 
points move in the direction of the arrow. At this time, if 
the user feels that the pulse slate Is gradually becoming 
less clear, he may determine that this pulse is a xuan- 
mai pulse. Conversely, if the user feels that the pulse is 
gradually becoming clearer, the indicator points are 
shifting to the left side of partitioning line LV and the 
clarity is increasing, then he can make a determination 
that this pulse is a hua-mai pulse. 
[01 11] In this example, indicator points moved along a 
representative pressure-finger sensation trend curve in 
response to the degree of pressure P. As a result, the 
user registers the clarity of the pulse via his fingertips 
while watching the movement of the indicator points. 
Thus, he is able to classify the pulse type. Accordingly, 
it is possible to increase the accuracy of the Pulse diag- 
nosis. 

E, Effects of the Embodiments 

[01 1 2] As explained above, the present embodiments 
enables detection of touch information in which the 
touch sensation has been quantified, in a state such 
that the user is able to directly touch or grip an object. In 
addition, because the structure of the device is simple, 
there is no burden on the test subject. Detection of sub- 
tle touch sensations, such as whether or not an object is 
being touched, is also possible. Transmission and dupli- 
cation of relative touch can also be performed. It is also 
possible for the user to understand objectively the pulse 
diagnosis degree of pressure. More specifically, the fol- 
lowing effects corresponding to each of the embodi- 
ments are offered. 

[01 1 3] In the first embodiment, pulse wave detector 1 
is formed of a sensor unit 102 and finger sack 104 so 
that it can be attached to the fingertips of each of the fin- 
gers. Thus, the user can directly touch or grip an object. 
As a result, there is no need for the user to don a spe- 
cialized glove, thus the burden on the operator is 
reduced and detection of touch can be performed as a 
pure sensation. In addition, in the first embodiment, a 
calibration table 50 was prepared in advance, and the 
light level received when no pressure Is applied at the 
detection site and the light level received when maximal 
pressure is applied at the detection site Is associated 
with the relationship between the received light levels 
stored in calibration table 50 and the pressing force. The 
threshold values are determined, and the grading of the 
received light level is performed based on these thresh- 
old values. Thus, it is possible to quantify the touch sen- 
sation registered when the person touches or grips an 
object. 



[0114] In the second embodiment, first and second 
personal computers PCI and PC2 are connected via a 
network NET. Thus, touch information SJa.b detected 
by first and second touch detecting devices A,B are 

5 alternately transmitted. 

[0115] In the third embodiment, the touch detecting 
device is applied to a pulse diagnostic device. As a 
result, it is possible for the user to understand the 
degree of subtle pressure which is required in a pulse 

10 diagnosis. For this reason, it is possible for the user to 
physically experience the degree of pressure, which 
previously could only be understood in terms of words 
such as "light" or "heavy". Thus, a determination of 
pulse phenomenon, i.e., hua-mai or xuan-mai pulses, 

15 can be bade easily. 

F. Modifications 

[01 1 6] The present Invention is not limited to the pre- 
20 ceding embodiments. Rather, a variety of modifications 
as follows are also possible. 

(1) In each of the preceding embodiments, pulse 
wave detector 1 was described as attaching to each 

25 of the fingers of the hand. However, the design 
shown in FIG. 14 is also acceptable. FIG. 14(A) is a 
cross-sectional view of pulse wave detector 1* 
according to a modification, while FIG. 14(B) is a 
planar view thereof. Pulse wave detector 1' is 

30 formed of a sensor unit 102 to which a cable 101 is 
attached, and adhesive pads 120. An adhesive 
material is coated to the bottom of adhesive pad 
1 20, so that pulse wave detector 1 ' can detect blood 
flow by being affixed to the detection site on the 

35 body. If pulse wave detector 1 * is affixed to a specific 
detection site and detects touch, then it is possible 
to quantify a sensation such as the fit of a clothing 
item. 

Pulse wave detector 1 may also be formed of a 

40 narrow band detector employing a polarized light fil- 
ter. FIG. 17 shows one example thereof. FIG. 17(a) 
shows an overview of the structure of the pulse 
wave detector according to this modification. 

As shown in this figure, pulse wave detector A 

45 is formed of a light emitting element 10a (light emit- 
ter), a light receiving element 20a (light receiver), a 
light polarizing plate 31a (first light polarizing 
means), a light polarizing plate 32a (second light 
polarizing means), and a filter 40a provided to the 

50 light receiving surface of the light receiving ele- 
ment. Pulse wave detector A is designed to radiate 
light on the scattering medium (blood hemoglobin) 
which is the detection target, and then incident this 
reflected light. Light polarizing plate 31a is provided 

55 to the light emitting surface of light emitting element 
10a, while light polarizing plate 32a is provided to 
the light receiving surface of light receiving element 
20a. The direction of the polarized light from these 
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surfaces is ths same. For this reason, light polariz- 
ing plates 31a, 32a do not have to be separated Into 
light emitting and light receiving sides, but may be 
formed of a single plate. Note that while the struc- 
ture has been simplified in this figure, in actuality, 5 
light emitting element 10a and light receiving ele- 
ment 20a are housed in separate chambers, with 
the light generated from light emitting element 10a 
directly incidenting on light receiving element 20a. 

In a pulse wave detector A having the structure 10 
described above, the light emitted by light emitting 
element 10a is radiated on the scattering medium 
after being polarized by light polarizing plate 31a. If 
some of this radiated light reaches the scattering 
medium and is absorbed, then there is also light is 
which is reflected. Moreover, if some of this 
reflected light demonstrates repeated multiple scat- 
tering, then there is also light which directly 
approaches light receiving element 20. 

Multiply scattered light, in which the light expe- 20 
riences repeated multiple scattering in the scatter- 
ing medium, does not maintain a polarized light 
state when radiated. Accordingly, only a portion of 
this light passes through polarized light plate 32a. 
In contrast, light which is not multiply scattered, i.e.. 25 
directly reflected tight, does maintain the polarized 
state when radiated, so that most of it passes 
through light polarizing plate 32a. 

Accordingly, the majority of light which passes 
through light polarizing plate 32a and incidents on so 
light receiving element 20a is a directly reflected 
light component which does not is not multiply scat- 
tered in the scattering medium. 

Light receiving element 20a will now be 
explained. FIG. 18 is a cross-sectional View from 35 
the side showing the structure of an optimal photo 
diode 200 employed for light receiving element 20a. 
As shown in this figure, photo diode 200 is formed 
by successively laminating a n-type layer lower mir- 
ror 202. a depletion layer 203, and a p-type layer 40 
upper mirror 204 onto a substrate (wafer) 201 . and 
is designed to have a light resonator (light resonat- 
ing member) consisting of lower mirror 202 and 
upper mirror 204. The resonance wavelength of 
this light resonator is determined from the following 45 
formula based on the interval of space between 
lower mirror 202 and upper mirror 204, i.e., the 
thickness t^ of the depletion layer, and the index of 
refraction n of the depletion layer. 

50 

X^=2n • t^/m 

In this formula, an integer of 1 or greater is 
employed for m. However, the design typically 
employs an m value of 1 or 2 so that a large interval 55 
between resonance wavelengths can be achieved. 

Electrode 212 is formed on the lower layer of 
lower mirror 202 and electrode 214 is formed on the 



upper layer of upper mirror 204. As shown in FIG. 
18(b), a DC electrical source E and a resistor R are 
connected in series to both electrodes and back- 
ward biased. An opening 215 is provided to upper 
mirror 204. Light reflected by the scattering medium 
incidents on opening 215. The incidented light Is 
amplified due to the excitation of light traveling 
within the light resonator and generates a conduc- 
tion electron-hole pair. Accordingly, a current pro- 
portional to the quantity of light reaching depletion 
layer 203 flows from lower mirror 202 to upper mir- 
ror 204. Thus, by extracting the voltage between 
electrodes 212 and 214 as output signal Vout, the 
quantity of light received at photo diode 200 can be 
detected. 

It is ideal if lower mirror 202 and upper mirror 
204 have high reflection coefficients over the entire 
wavelength region. However, obtaining such reflec- 
tion characteristics is difficult as a practical prob- 
lem. Therefore, these embodirhents are designed 
so that the reflection coefficient is high in a band of 
a specific width that includes the resonance wave- 
length of the resonator. 

For this reason, upper mirror 204 is formed by 
alternately laminating a material having a high 
detraction coefficient and a material having a low 
reflection coefficient. The wavelength region having 
a high reflection coefficient is determined by the dif- 
ference between the reflection coefficients of the 
laminating materials. The larger this difference, the 
wider the band. Thus, it is preferable that the mate- 
rial employed for upper mirror 204 be a combination 
of materials that have a large difference in reflection 
ratios. For example, when employing an AIGaAs- 
type semiconductor, the upper mirror nnay be 
formed by laminating a material which changes the 
ratio of Al and Ga. Note that the same structure 
applies for lower mirror 202. Further, by combining 
with filter 40a, light in a narrow band can be 
received. 

Light emitting element 10a will now be 
explained. The present invention is designed so 
that the wavelength of the light employed is 
selected by filter 40a and light receiving element 
20a. Thus, light emitting element 10a is acceptable 
provided that it generates light that includes the 
wavelength Xj. which is ultimately detected by light 
receiving element 20a. Accordingly, a regular light 
emitting diode may be employed for light emitting 
element 10a. More preferable, however, is a planar 
emission semiconductor laser such as explained 
next. 

FIG, 19 is a cross-sectional view from the side 
showing the structure of an optimal Planar emission 
semiconductor laser 400 employed for light emitting 
element 10a. As shown in this figure, planar emis- 
sion semiconductor laser 400 is formed by sequen- 
tially laminating a n-type layer lower mirror 402 



27 



EP0 922 431 A1 



28 



active layer 403, and p-type layer upper mirror 404 
onto a substrate (wafer) 401 . Planar emission sem- 
iconductor laser 400 has one type of light resonator 
consisting of lower mirror 402 and upper mirror 404. 
The resonance wavelength of this light resonator is 5 
determined by the interval of space between lower 
mirror 402 and upper mirror 404, i.e., the resonator 
length t2- Electrode 41 2 is formed on the lower layer 
of lower mirror 402, and electrode 414 having an 
opening 414 is formed on tha upper layer of upper w 
mirror 404. Electrodes 412 and 414 are fonward 
biased. 

In semiconductor laser 400, when a conduction 
electron and a hole are Injected from electrodes 
41 2 and 414 respectively, the carriers for these con- is 
tinue diffusing, reaching active layer 413. It is pref- 
erable to provide a bottlenecking layer 416 here, 
since the carrier injected from upper electrode 404 
accumulates in active layer 403 which is directly 
below opening 415. The conduction electron and 20 
hole that reach active layer 403 bond again, and are 
discharged as light. The discharged light travels 
within the light resonator, and induces stimulated 
emission when passing through active layer 413. 
As a result, light having a large output Is closed 25 
within the light resonator, with a portion thereof 
passing through upper mirror 404 ard being 
released as laser light. 

It should be noted that the structure of the sem- 
iconductor laser 400 employed here is fundamen- 30 
tally common to the structure of photo diode 200. 
The oscillating wavelength and the sensitivity wave- 
length are both determined by the resonator length 
tg and the thickness ti of the depletion layer. 
Accordingly, if these elements are formed on the 35 
same substrate wafer, with the active and depletion 
layers thereof formed by the same layer growth 
process, then it is not only easy to select a wave- 
length for the employed light in a band that is not 
readily effected by outside light, but it Is also possi- 40 
ble to equalize the oscillating wavelength and the 
sensitivity wavelength. 

In this way. the light which has passed through 
light polarizing plate 32a and filter 40a to be ulti- 
mately detected by light receiving element 20a is 45 
light of wavelength k^, on which the effect of outside 
light is small, and which has a high proportion of 
directly reflected light components which is not mul- 
tiply scattered by the scattering medium. For this 
reason, it becomes possible to detect only the so 
directly reflected light components out of the light 
reflected by the scattering medium while reducing 
the influence of external light 

Note that filter 40a is employed with the objec- 
tive of cutting light having a wavelength of or less ss 
from the reflected light incidenting on the light 
receiving element. Thus, either light polarizing plate 
32a or filter 40a may he disposed on the top sur- 



face. 

When a pulse wave detector is formed as a 
narrow band detector in this way. a design which is 
not readily effected by external light becomes pos- 
sible. Thus, the SN ratio of the pulse wave signal 
can be improved. 

(2) Each of the preceding embodiments employed 
the DC component of the received light level as the 
touch indicator. However, in place of this, it is also 
acceptable to use the AC component of the 
received light level corresponding to the arterial 
blood component. Specifically, it is also acceptable 
for CPU 4 to separate the high band frequency 
component of the received light signal LS as an AC 
component, store the relationship between the AC 
component and the pressing force in calibration 
table 50, and generate a threshold value table 51 
based on this. In this case, the touch sensation can 
be quantified without being Influenced by the test 
subject's environment. 

It is also acceptable to designate the ratio of 
the DC component and the AC component of the 
received light level as the indicator of touch sensa- 
tion. In this case, the aforementioned ratio is calcu- 
lated by CPU 4, the relationship between the ratio 
and the pressing force Is stored in calibration table 
50, and threshold value table 51 is generated based 
on this. 

As stated for the AC and DC components of the 
received light level, it is also acceptable to combine 
a variety of touch indicators as suitable. Namely, 
any indicator Is acceptable, provided that it is 
obtained based on the received light level, 

(3) The preceding embodiments were explained 
based on the assumption that it was acceptable for 
the DC conponent of the received light level be a 
relative value, so that pressure sensor 103 need not 
be a precise device. However, it is also acceptat>le 
to employ a pressure sensor 103 which can meas- 
ure the pressure precisely, store the relationship 
between the pressing force and each of the touch 
indicators cited above in calibration table 50 in 
advance, and then detect such touch information 
SJ as the grip force as an absolute pressure. 

(4) In the preceding embodiments, calibration table 
50 was referenced and threshold values were cal- 
culated to serve as the standard when generating 
touch information SJ. However, it is also acceptable 
to determine the threshold values without referenc- 
ing calibration table 50. In this case, the interval 
between the received light level when no pressure 
is applied to the finger (I.e.. maximum value Lmax) 
and the received light level when maximum pres- 
sure is applied to the finger (i.e., minimum value 
Lmin) is separated in response to the number of 
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gradings required. This is thcr^ storGCi Irt threshold 
value table 51 as the threshold values. In this mod- 
rfication, grading of the touch sensation can be per- 
formed, provided that the maximum value Lmax 
and the minimum value Lmin for the received light 5 
level can be determined. Thus, pressure sensor 
110 may be omitted. The received light level when 
nothing is gripped by the fingers may be detected 
as maximum value Lmax, while the received light 
level when an object is gripped by the fingers with jo 
maximum force may be detected as minimum value 
Lmin. 

When performing a 2-value grading, the touch 
sensation may be detected by employing only the 
received light level when nothing is gripped by the is 
fingers as the threshold value. Even In this case, it 
is possible to quantify such subtle touch sensations 
as whether or not an object is being touched, 

(5) In the preceding embodiments, the DC compo- 20 
nent of the received light level was determined by 
CPU 4, however, it is also acceptable to provide a 
low pass filter between pulse wave detector 1 and 
A/D converter 2, and then convert that DC compo- 
nent into a direct digital signal. Further, when 25 
employing the AC component of the received light 
level as the touch indicator, a high pass filter and 
amp may be provided between pulse wave detector 

1 and A/D converter 2. In this case, the dynamic 
range of A/D converter 2 Is effectively applied, and 30 
an AC component with a high SN may be employed 
as the touch indicator. 

(6) The touch detecting device explained in the first 
embodiment above may be applied in the amuse- 35 
ment field. For example, it Is frequently the case 
that a battle simulation game employs three buttons 
and a joystick as operators for characters, with 
attack patterns selected by suitably combining the 
operations of these operators. In this case, the 40 
touch detecting device may be enrployed in place of 

the three buttons. Specifically, the player attaches 
pulse wave detectors 1 to the first, second and third 
fingers of the right hand, and operates the joystick 
with the left hand. By pressing the first through third 45 
fingers of the right hand against the operating panel 
as the game progresses, the same effect can be 
achieved as in the case where depressing buttons. 
By carrying out 2-value grading in this case, it is 
possible to replace the use of buttons. However, if so 
5-value grading is performed, for example, then 
even more complicated actions can be provided to 
the characters, enabling the performance of supe- 
rior entertainment. 

55 

(7) The touch detecting device explained in the pre- 
ceding first embodiment may also be applied to an 
information inputting device such as a keyboard or 



mouse. For example, when applying the touch 
detecting device to a ten-key, pulse wave detectors 
1 are attached to each of the fingers of the hands, 
2-value grading is performed, and touch information 
SJ detected by each of the fingers is assigned to 
numerical values 0-9. In this case, since it is not 
necessary to search for keys, the input speed can 
be much improved. Moreover, since the user is not 
subjected to the key weight, it is possible to avoid 
such undesirable effects as tendentious which 
accompany key Inputting operations. 

Conventionally known computer keyboards 
include J IS or ASCII arrays. However, the number 
of keys employed in these exceeds 1 0. For this rea- 
son, touch information SJ from the fingers on both 
hands alone is not sufficient. Rather, this may be 
supplemented by simultaneously applying pressure 
to a plurality of fingers. For example, a sheet- 
shaped key board divided into five regions may be 
employed in combination with the touch detecting 
device. Since the keyboard itself becomes unnec- 
essary in this case, a decrease in the size of the 
device may be anticipated. 

A mouse is typically formed of two buttons. 
However, it is acceptable to employ the touch 
detecting device in place of these buttons. 

The touch detecting device may also be 
applied in the evaluation and design support of 
products employed by gripping, or in the diagnosis 
and rehabilitation of hand and finger function in an 
individual who has an impairment in this area. The 
touch detecting device may also be applied as a fin- 
ger check for a typist. 

(8) The touch transmission system explained in the 
second embodiment above may employ a second 
touch detecting device along with a pressure 
means which applies a mechanical action on the 
hand. In this case, secorxJ personal computer PC2 
conrtpares touch information SJa supplied from the 
outside and touch information SJb detected by sec- 
ond touch detecting device B, and then applies 
pressure on the fingers (detection site) by control- 
ling the pressure means So that touch information 
SJa and touch information SJb are equal. 

This may then be applied to the pulse diagnos- 
tic device explained in the third embodiment to form 
a pulse diagnostic information transmission sys- 
tem. In this case, touch information SJ in response 
to the received light signal generated when the 
patient himself attaches pulse wave detector 1 to 
the finger and performs a pulse diagnosis. This 
touch information SJ is supplied as pulse diagnostic 
information from the first personal computer PCI 
shown in FIG. 8 via network NET to the second per- 
sonal computer where the physician is located. 
Then, second personal computer PC2 compares 
pulse diagnostic information supplied from the out- 
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side (touch information SJa) and touch information 
SJb detected by second touch detecting device B, 
and applies lorce on the physician's finger (detec- 
tion site) by controlling the pressure means so that 
touch information SJa and touch information SJb 5 
are equal. This then enables the physician to know 
the patient's pulse. It Is also acceptable in this case 
that the patient himself does not carry out the pulse 
diagnosis, but rather that the caregiver perform the 
pulse diagnosis by attaching pulse wave detectors w 
1 to his fingertips. Accordingly, this permits home 
care to be administered. 

In the touch transmission system according to 
the second embodiment, Infrared was employed to 
carry out communications between first personal 15 
computer PCI and first touch detecting device A, 
and between second Personal computer PC2 and 
second touch detecting device B. However, the 
present invention is not limited thereto. For exam- 
ple, communication may also be carried out using 20 
radio waves. Namely, any communications method 
may be employed, provided that it is one which 
does not interfere with gripping of an object by the 
individual. 

25 

(9) Touch information from a skilled physician was 
stored ROM 6 in the preceding third embodiment. 
However, it is also acceptable that the physician 
perform a pulse diagnosis when examining the 
patient by applying pressure on the skin over the 30 
radius artery so as to obtain a suitable pulse phe- 
nomenon, with the touch information at this time 
stored In data register 52. Subsequently, the stu- 
dent performs a pulse diagnosis on the same 
patient using pulse wave detector 1, adjusting the 35 
degree of pressure in accordance with the bar 
graphs shown on LCD 108. Since the student is 
able to receive advice relating to the pulse catego- 
ries, i.e., violent, smooth and normal, from a skilled 
physician, he is able to learn the degree of subtle 40 
pressure applied and how the pulse is registered. 

(10) In the third embodiment, grading may be per- 
formed in three stages corresponding to hua, tyu 
and xuan. with the characters "hua, tyu and xuan" 45 
displayed on LCD 108. The pulse diagnostic infor- 
mation may also be displayed using bar graphs of 
differing lengths or numbered 1,2,3 corresponding 

to the "/7ua, tyu and xuan** characters, in this case, 
CPU 4 functions as a pulse diagnostic information so 
generating means for generating pulse diagnostic 
information by grading touch Information SJ based 
on threshold values PI ,P2 (standard touch informa- 
tion) that is stored in ROM 6. 

The third embodiment notified the user of the 55 
degree of pressure when the user (third party) was 
diagnosing a patient (test subject). However, it is 
also acceptable to notify the patient by employing a 



display in place of LCD 108. Of course, it is also 
acceptable for the user himself to measure his (test 
subject's) own pulse. 

(1 1) The third embodiment detected the degree of 
pressure in the pulse diagnosis using touch infor- 
mation SJ, and specified the pulse phenomenon, 
i.e. hua-mai or xuan-mai pulse, according to this 
detection. However, the present Invention is not lim- 
ited thereto. Rather, any device may be suitably 
employed, provided that it is one that performs a 
pulse diagnosis based on touch Information SJ. 
Touch information SJ expresses the reactive force 
registered at the fingertips where pulse wave detec- 
tors 1 are attached. Thus, the touch information SJ 
is the result when the touch sensation registered at 
the physician's fingertips is quantified. Accordingly, 
by analyzing touch information SJ, the state of the 
pulse can be detected. For example, the AC com- 
ponent of touch information SJ is the patient's pulse 
waveform. Therefore, by analyzing the pulse wave- 
form, the pulse phenomenon I.e., violent, normal or 
smooth, can be specified, and the state of physio- 
logical health diagnosed. 

In addition, when calculating touch information 
SJ in the third embodiment, pressure sensor 110 
shown in FIG. 5 was employed to generate calibra- 
tion table 50, and threshold value table 51 was gen- 
erated based on this. However, as explained in 
modification (4). it is of course also acceptable to 
generate touch information SJ without employing 
pressure sensor 110 or calibration table 50. In this 
case, the degree of pressure by the individual per- 
forming the pulse diagnosis, i.e.. the hua, tyu, or 
xuan states when no pressure is applied, can be 
graded using the DC component of the pulse wave 
signal at the time when the individual taking the 
measurements decides that pressure. 

Note that modifications (2) and (3) may also be 
applied in the third embodiment. 

(12) In the preceding embodiments, touch informa- 
tion SJ is generated by employing threshold values 
to grade the received light signal detected by pulse 
wave detectors 1 . However, since touch information 
SJ shows the degree of pressure, grading is not 
necessary as long as touch information SJ is pro- 
portional to the quantity of received light indicated 
by the received light signal. Namely, it is acceptable 
if touch information SJ is generated based on the 
received light signal. 

[0117] The preceding embodiments employed an LCD 
as a notifying means relying on the visual senses. How- 
ever, the notifying means in the present invention is not 
limited thereto. Rather, any notifying means may be 
employed, provided that it can notify the user of touch 
information SJ by relying on the five senses of hearing, 
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smeii, touch, etc. 

[0118] For example, in the case of a notifying means 
which relies on hearing, the user may be notified of the 
touch information by means of a voice or sound. Thus, 
a device may be provided which can be used by a visu- 5 
ally Impaired person. When grading touch information 
SJ in five stages, if the current touch information SJ is 
degree 3, for example, then a voice message which 
states "degree of pressure 3" may be played via a 
speaker or earphone. io 

Claims 

1 . A touch detecting device comprising: 

15 

a detecting means for receiving reflected light 
obtained when a detection site on the body is 
irradiated with light, and detecting the received 
light signal; and 

a touch information generating means for gen- so 
erating touch information for the detection site 
from the received light signal. 



4. A touch detecting device comprising: 

a detecting means for receiving reflected light 
obtained when the detection site on the body is 
irradiated with light, and detecting this received 
light signal; 

a threshold value calculating means for calcu- 
lating the threshold values, which can be used 
for grading the received light signal, based on 
the light signal received when there Is no pres- 
sure being applied at the detection site and 
based on the light signal received when maxi- 
mal pressure is being applied at the detection 
site; 

a threshold value table for storing the threshold 
values; and 

a touch information generating means for com- 
paring the received light signal and the respec- 
tive threshold values, and generating touch 
information in which she touch sensation at the 
detection site has been quantified based on 
grading of the received light signal. 



2. A touch detecting device comprising: 

25 

a detecting means for receiving reflected light 
obtained when a detection site on the body is 
irradiated with light, and detecting the received 
light signal; 

a threshold value table for storing threshold val- 30 
ues which can be used for grading the received 
light signal; and 

a touch information generating means for com- 
paring the received light signal and the thresh- 
old value, and generating touch information in 35 
which the touch sensation at the detection site 
has been quantified based on grading of the 
received light signal. 

3, A touch detecting device comprising: 40 

a detecting means for receiving reflected light 
obtained when a detection site on the body is 
irradiated with light, and detecting this received 
light signal; 45 
a threshold value calculating means for calcu- 
lating the threshold values, which can be used 
for grading the received light signal, based on 
the tight signal received when there is no pres- 
sure being applied at the detection site; so 
a threshold value table for storing the threshold 
values; and 

a touch information generating means for com- 
paring the received light signal and the respec- 
tive threshold values, and generating touch 55 
information in which the touch sensation at the 
detection site has been quantified based on 
grading of the received light signal. 



5. A touch detecting device comprising: 

a detecting means for receiving reflected light 
obtained when the detection site on the body is 
irradiated with light, and detecting this received 
light signal; 

a calibration table for storing in advance the 
relationship between the received light signal 
and the pressure applied at the detection site; 
a threshold value calculating means for associ- 
ating the light signal received when Do pres- 
sure is applied at the detection site and the light 
signal received when maximal pressure is 
applied at the detection site, to the relationship 
stored in tiie calibration table between the 
received light signals and the pressure applied 
at the detection site, theroby calculating thresh- 
old values which can be used for grading the 
received light signal; 

a threshold value table for storing the threshold 
values: and 

a touch information generating means for com- 
paring the received light signal and the respec- 
tive tiireshold values, and generating touch 
information in which the touch sensation at the 
detection site has been quantified based on 
grading of the received light signal. 

6. A touch detecting device according to one of claims 
3 through 5. comprising: 

the threshold value calculating means calcu- 
lates the threshold values, which can be used 
for grading the received light signal, based on 
the DC level of the received light signal; and 
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the touch information generating means com- 
pares the DC level of the received light signal 
and the respective threshold values, and gen- 
erates touch information in which the touch 
sensation at the detection site has been quan- 5 
titled based on grading of the received tight sig- 
nal. 

7. A touch detecting device according to one of claims 

3 through 5, comprising: 10 

the threshold value calculating means calcu- 
lates threshold values, which can be used for 
grading the received light signal, based on the 
amplitude level of the received light signal; and 75 
the touch information generating means com- 
pares the amplitude level of the received light 
signal and the respective threshold values, and 
generates touch information in which the touch 
sensation at the detection site has been quan- 20 
tif ied based on grading of the received light sig- 
nal. 

8. A touch detecting device according to one of claims 

3 through 5. comprising: 25 

the threshold value calculating means calcu- 
lates threshold values, which can be used for 
grading the received light signal, based on the 
ratio of the DC level and amplitude level of the 30 
received light signal; and 
the touch information generating means com- 
pares the threshold values with the ratio of the 
DC level and the amplitude level of the received 
light signal, and generates touch information in 35 
which the touch sensation at the detection site 
is guantified based on grading of the received 
light signal. 

9. A touch detecting device according to one of claims 40 
1 through 8, characterized in that the detecting 
means irradiates the detection site on the body with 
light having a wavelength in the range of 300 to 700 
nm. receives the reflected light, and detects the 
received light signal. 45 

1 0. A touch detecting device according to one of claims 
1 through 8, characterized in that the detecting 
means is provided with: 

50 

a light generating member for generating light; 
a first light polarizing member for polarizing 
light generated by the light generating member; 
a second light polarizing member for inoident- 
ing reflected light from the polarized light, and 55 
permitting passage of light components polar- 
ized in a specific direction: and 
a light receiving member for receiving the light 



which has passed through the second polariz- 
ing member and outputting a received light sig- 
nal in response to the amount of received light. 

11 . A touch detecting device according to one of claims 
1 through 8, characterized in that the detecting 
means is provided with: 

a light generating member for generating light; 
a first light polarizing member for polarizing 
light generated by the light generating member; 
a second light polarizing member for incident- 
ing reflected light from the polarized light, and 
permitting passage of light components polar- 
ized in a specific direction: and 
a light receiving member for incidenting the 
light which has passed through the second 
polarizing member: 

wherein the light receiving member comprises 
a light resonating member for resonating inci- 
dented light and an outputting member for out- 
putting a received light signal in response to 
the light resonated by the light resonating 
member. 

12. A touch detecting device according to one of claims 
1 through 1 1 , characterized tn that the detecting 
means is provided to the fingertip area. 

13. A touch notifying device provided with a touch 
detecting device according to one of claims 1 
through 12, characterized in that a notifying means 
for notifying the user of touch information generated 
by the touch information generating means. 

14. An information inputting device provided with a plu- 
rality of touch detecting means according to one of 
claims 1 through 12, characterized in that the touch 
information is employed as input information. 

15. A touch replicating device provided with the touch 
detecting device according to one of claims 1 
through 12, characterized in that a notifying means 
for prompting the user so that the touch information 
supplied from the outside and the touch information 
generated by the touch information generating 
means approach one another. 

16. A touch replicating device provided with a touch 
detecting device according to one of claims 1 
through 12, comprising: 

a comparing means for connparing the touch 
information supplied from the outside and the 
touch information generated by the touch infor- 
mation generating means; and 
a pressure means for applying pressure at the 
detection site based on the results of the com- 
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parison by the comparing means, so thai the 
touch information supplied from the outside 
and the touch Information generated by the 
touch information generating means coincide. 

17. A touch transmission system in which the touch 
detecting device according to one of claims 1 
through 12 is provided to the transmitting side and 
the touch replicating device according to claim 15 
or 16 is provided to the receiving side, comprising: 

a transmitting means which carries out commu- 
nication between networks, and transmits 
touch information detected by the touch detect- 
ing device to the network; and 
a receiving means which carries out communi- 
cation between the networks, and outputs 
touch information supplied from the transmit- 
ting side as touch information supplied from the 
outside. 

18. A pulse diagnostic device provided with a pulse 
detecting device according to claim 12. character- 
ized in that a pulse diagnosing means for perform- 
ing pulse diagnosis based on touch information 
generated by the touch information generating 
means. 

19. A pulse diagnostic device provided with a touch 
detecting device according to clad 12, comprising: 

a recording means for storing in advance 
standard touch information showing the degree 
of pressure during the pulse diagnosis; and 
a pulse diagnosing means for carrying out a 
pulse diagnosis based on the touch information 
generated by the touch information generating 
means and the standard touch information. 

20. A pulse diagnosis training device provided with a 
touch detecting device according to claim 12, char- 
acterized in that a recording means for storing in 
advance standard touch information showing the 
degree of pressure during the pulse diagnosis; 

a pulse diagnostic information generating 
means for generating pulse diagnostic informa- 
tion after grading the touch information based 
on the standard touch Information; and 
a notifying means for notifying the user of the 
pulse diagnostic information. 

21. A pulse diagnosis training device according to 
claim 20, characterized in that the notifying means 
notifies the user so that the touch information gen- 
erated by the touch Information generating means 
approaches the standard touch information 



22. A pulse diagnosis training device according to 
claims 20 or 21 . characterized in that a test subject 
carries out pulse diagnosis by attaching the detect- 
ing means to his fingertips, and in that the notifying 

5 means notifies the test subject. 

23. A pulse diagnosis training device according to 
claims 20 or 21. characterized in that a third party 
carries out pulse diagnosis by attaching the detect- 

10 ing means to the fingertips, and the notifying means 
notifies the third party. 

24. A pulse diagnostic Information transmission system 
provided with a touch detecting means according to 

15 claim 12 on the transmitting side and a touch repli- 
cating means according to claims 15 or 16 on the 
receiving side, comprising: 

a transmitting means that can'les out communi- 
20 cations between networks and transmits touch 

information detected by the touch detecting 
device as pulse diagnostic information to the 
network: and 

a receiving means that carries out communica- 
25 tions between networks and outputs the pulse 

diagnostic information from the transmitting 
side to the touch replicating device as touch 
information supplied from the outside. 

30 25. A pulse diagnostic information transmission system 
provided with a touch detecting device according to 
claim 12 on the transmitting side and a touch repli- 
cating device according to claims 15 or 16 on the 
receiving side, comprising: 

35 

a transmitting means which generates touch 
information based on a received light signal 
obtained as a result of pulse diagnosis per- 
formed by a test subject on the transmitting 

40 side who attaches a detecting means to his fin- 

gertips, and transmits this touch information to 
a network as pulse diagnostic information; and 
a receiving means which carries out communi- 
cations between networks, and outputs pulse 

45 diagnostic inforn&tion from the transmitting 

side to the touch replicating device as touch 
information supplied from the outside. 

26. A pulse diagnostic information transmission system 
50 provided with a touch detecting device according to 
claim 12 on the transmitting side and a touch repli- 
cating device according to claims 15 or 16 on the 
receiving side, comprising: 

55 a transmitting means which generates touch 

information based on the received light signal 
ot^tained as a result of pulse diagnosis of a test 
subject on the transmitting side by a third party 
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who attaches a detecting moans to his finger- 
tips, and transmits this touch information to a 
network as pulse diagnostic information; and 
a receiving means which carries out communi- 
cations between networks, and outputs the 5 
pulse diagnostic information from the transmit- 
ting side to the touch replicating device as 
touch information supplied from the outside. 

Amended claims under Art. 19.1 PCT w 

1. (Deleted) 

2. (Deleted) 

15 

3. A touch detecting device comprising: 

a detecting means for receiving reflected light 
obtained when a detection site on the body is 
irradiated with light, and detecting this received 20 
light signal; 

a threshold value calculating means for calcu- 
lating the threshold values, which can be used 
for grading the received light signal, based on 
the light signal received when there is no pres- 25 



sure being applied at the detection site; 

a threshold value table for storing the threshold 

values; and 

a touch information generating mess for com- 
paring the received light signal and the respec- 
tive threshold values, and generating touch 
information In which the touch sensation at the 
detection site has been quantified based on 
grading of the received light signal. 

4. A touch detecting device comprising: 

a detecting means for receiving reflected light 
obtained when the detection site on the body is 
irradiated with light, and detecting this received 
. light signal; 
a threshold value calculating means for calcu- 
lating the threshold values, which can be used 
for grading the received light signal, teased on 
the light signal received when there is rio pres- 
sure being applied at the detection site and 
based on the light signal received when maxi- 
mal pressure is being applied at the detection 
site; 

a threshold value table for storing the threshold 
values: and 

a touch information generating means for com- 
paring the received light signal arxJ the respec- 
tive threshold values, and generating touch 
information in which the touch sensation at the 
detection site has been quantified based on 
grading of the received light signal. 



5. A touch detecting device comprising: 

a detecting means for receiving reflected light 
obtained when the detection site on the body is 
irradiated with light, and detecting this received 
light signal; 

a calibration table for storing in advance the 
relationship between the received light signal 
and the pressure applied at the detection site; 
a threshold value calculating means for associ- 
ating the light signal received when no pres- 
sure is applied at the detection site and the 
Light signal received when maximal pressure is 
applied at the detection site, to the relationship 
stored In the calibration table between the 
received light signals and the pressure applied 
at the detection site, thereby calculating thresh- 
old values which can be used for grading the 
received light signal; 

a threshold value table for storing the threshold 
values; and 

a touch information generating means for com- 
paring the received light signal and the respec- 
tive threshold values, and generating touch 
information in which the touch sensation at the 
detection site has been quantified based on 
grading of the received light signal. 

6. A touch detecting device according to one of 
30 claims 3 through 5, comprising: 

the threshold value calculating means calcu- 
lates the threshold values, which can be used 
for grading the received light signal, based on 

35 the DC level of the received light signal: and 

the touch Information generating means com- 
pares the DC level of the received light signal 
and the respective threshold values, and gen- 
erates touch information in which the touch 

40 sensation at the detection site has been quan- 

tified based on grading of the received light sig- 
nal. 

7. A touch detecting device according to one of 
45 claims 3 through 5, comprising: 

the threshold value calculating means calcu- 
lates threshold values, which can be used for 
grading the received light signal, based on the 

50 amplitude level of the received light signal; and 

the touch information generating means com- 
pares the amplitude level of the received light 
signal and the respective threshold values, and 
generates touch information in which the touch 

55 sensation at the detection site has been ouan- 

tified based on grading of the received light sig- 
nal. 
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8. A touch detecting device according to one of 
clams 3 through 5, comprising: 

the threshold value calculating means calcu- 
lates threshold values, which can be used for s 
grading the received light signal, based on the 
ratio of the DC level and amplitude level of the 
received light signal; and 
the touch information generating means com- 
pares the threshold values with the ratio of the io 
DC level and the mplitude level of the received 
light signal, and generates touch information in 
which the touch sensation at the detection site 
is quantified based on grading of the received 
light signal. 15 

9. (Amended) A touch detecting device according 
to one of claims 3 through 8, characterized in that 
the detecting means irr&di&tes the detection site on 
the body with light having a wavelength in the range 20 
of 300 to 700 nm, receives the reflected light, and 
detects the received light signal. 

10. (Amended) A touch detecting device according 

to one of claims 3 through 8. characterized in that 25 
the detecting means is provided with: 

a light generating member for generating light: 
a first light polarizing member for polarizing 
light generated by the light generating member; 30 
a second light polarizing member for incident- 
ing rejected light from the polarized light, and 
permitting passage of light components polar- 
ized in a specific direction; and 
a light receiving member for receiving the light 35 
which has passed through the second polariz- 
ing member and outputting a received light sig- 
nal in response to the amount of received light. 

1 1 . (Amended) A touch detecting device according 40 
to one of clad 3 through 8, characterized in that the 
detecting means is provided with: 



member. 

12. (Amended) A touch detecting device according 
to one of claims 3 through 1 1 , characterized in that 
the detecting means is provided to the fingertip 
area. 

13. (Amended) A touch notifying device provided 
with a touch detecting device according to one of 
claims 3 through 12, characterized in that a notify- 
ing means for notifying the user of touch informa- 
tion generated by the touch information generating 
means. 

14. (Amended) An information inputbing device 
provided with a plurality of touch detecting means 
according to one of claims 3 through 1 2, character- 
ized in that the touch information is employed as 
input information. 

15. (Amended) A touch replicating device provided 
with the touch detecting device according to one of 
claims 3 through 12, characterized in that a notify- 
ing means for prompting the user so that the touch 
information supplied from the outside and the touch 
information generated by the touch information 
generating means approach one another. 

16. (Amended) A touch replicating device provided 
with a touch detecting device according to one of 
claims 3 through 12, comprising: 

a comparing means for comparing the touch 
information supplied from the outside and the 
touch information generated by the touch infor- 
mation generating means; and 
a pressure means for applying pressure at the 
detection site based on the results of the com- 
parison by the comparing means, so that the 
touch information supplied from the outside 
and the touch information generated by the 
touch information generating means coincide. 



a light generating member for generating light; 
a first light polarizing member for polarizing 45 
light generated by the light generating member; 
a second light polarizing member for incident- 
ing reflected light from the polarized light, and 
permitting passage of light components polar- 
ized in a specific direction; and 50 
a light receiving member for incidenting the 
light which has passed through the second 
polarizing member; 

wherein the light receiving member comprises 
a light resonating member for resonating inci- 55 
dented light and an outputting member for out- 
putting a received light signal in response to 
the light resonated by the light resonating 



17. (Amended) A touch transmission system In 
which the touch detecting device according to one 
of cLaims 3 through 12 is provided to the transmit- 
ting side and the touch replicating device according 
to claim 15 or 16 is provided to the receiving side, 
comprising; 

a transmitting means which carries out commu- 
nication between networks, and transmits 
touch information detected by the touch detect- 
ing device to the network: and 
a receiving means which carries out communi- 
cation between the networks, and outputs 
touch information supplied from the transmit- 
ting side as touch information supplied from the 
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outside. 

18. A pulse diagnostic device provided with a pulse 
detecting device according to claim 12, character- 
ized in that a pulse diagnosing means for perform- s 
ing pulse diagnosis based on touch information 
generated by the touoh information generating 
means. 

19. A pulse diagnostic device provided with a touch io 
detecting device according to claim 12, comprising: 

a recording means for storing in advance 
standard touch Information showing the degree 
of pressure during the pulse diagnosis; and is 

a pulse diagnosing means for carrying out a 
pulse diagnosis based on the touch information 
generated by the touch information generating 
means and the standard touch information. 20 

20. A pulse diagnosis training device provided with 
a touch detecting device according to claim 12, 
characterized in that a recording means for storing 

in advance standard touch information showing the 25 
degree of pressure during the pulse diagnosis: 

a pulse diagnostic information generating 
means for generating pulse diagnostic informa- 
tion after grading the touch Information based 30 
on the standard touch information; and 
a notifying means for notifying the user of the 
pulse diagnostic information. 

21. A Pulse diagnosis training device according to 35 
claim 20. characterized in that the notifying means 
notifies the user so th6t the touch information gen- 
erated by the touch infornation generating means 
approaches the standard touch information. 

40 

22. A pulse diagnosis training device according to 
claims 20 or 21 , characterized In that a test subject 
carries out pulse diagnosis by attaching the detect- 
ing means to his fingertips, and in that the notifying 
means notifies the test subject. 45 

23. A pulse diagnosis training device according to 
claims 20 or 21 , characterized in that a third party 
carries out pulse diagnosis by attaching the detect- 
ing means to the fingertips, and the notifying means so 
notifies the third party. 

24. A pulse diagnostic information transmission 
system provided with a touch detecting means 
according to claim 1 2 on the transmitting side and a ss 
touch replicating means according to claims 15 or 

16 on the receiving side, comprising: 



a transmitting means that carries out communi- 
cations between networks and transmits touch 
information detected by the touch detecting 
device as pulse diagnostic information to the 
network; and 

a receiving means that carries out communica- 
tions between networks and outputs the pulse 
diagnostic information from the transmitting 
side to the touch replicating device as touch 
information supplied from the outside. 

25. A pulse diagnostic information transmission 
system provided with a touch detecting device 
according to claim 1 2 on the transmitting side and a 
touch replicating device according to claims 15 or 
16 on the receiving side, comprising: 

a transmitting means which generates touch 
information based on a received light signal 
obtained as a result of pulse diagnosis per- 
formed by a test subject on 'the transmitting 
side who attaches a detecting means to his fin- 
gertips, and transmits this touch information to 
a network as pulse diagnostic Information; and 
a receiving means which carries out communi- 
cations between networks, and outptits pulse 
diagnostic information from the transmitting 
side to the touch replicating device as touch 
information supplied from the outside. 

26. A pulse diagnostic information transmission 
system provided with a touch detecting device 
according to claim 1 2 on the transmitting side and a 
touch replicating device according to claims 15 or 
16 on the receiving side, comprising: 

a transmitting means which generates touch 
information based on the received light signal 
obtained as a result of pulse diagnosis of a test 
subject on the transmitting side by a third party 
who attaches a detecting means to his finger- 
tips, and transmits this touch information to a 
network as pulse diagnostic information; and 
a receiving means which carries out cornunica- 
tions between networks, and outputs the pulse 
diagnostic information from the transmitting 
side to the touch replicating device as touch 
information supplied from the outside. 

27. (added) A touch detecting method for detecting 
a touch sensation in the body, comprising: 

a step for receiving reflected light obtained 
when a detection site on the body is irradiated 
with light, and detecting a received light signal: 
a step for calculating threshold values, which 
can be used for grading the received light sig- 
nal, based on the light signal received when 
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there is no pressure being applied at the detec- 
tion site; 

a step for storing threshold values in a thresh- 
old value table: 

a step for comparing the received light signal 5 
and the threshold value; and 
a step for generating touch information In which 
the touch sensation at the detection site has 
been quantified based on the results of the 
comparison. to 

28. (added) A touch detecting method for detecting 
a touch sensation in the bodY, comprising: 

a step for receiving reflected light obtained is 
when a detection site on the body is irradiated 
with light, and detecting a received light signal; 
a step for caLculating threshold values, which 
can be used for grading the received light sig- 
nal, based on the light signal received when 20 
there is no pressure being applied at the detec- 
tion site and the light signal received when 
maximal pressure is being applied at the detec- 
tion site; 

a step for storing the threshold values in a 25 
threshold value table; 

a step for comparing the received light signal 
and the threshold value readout from the 
threshold value table; and 

a step for generating touch information in which 30 
the touch sensation at the detection site has 
been quantified based on the results of the 
comparison. 

29. (added) A touch detecting method for detecting 35 
a touch sensation in the body, comprising; 

a step for receiving reflected light obtained 
when a detection site on the body is irradiated 
with light, and detecting a received light signal; 40 
a step for storing in advance in the calibration 
table the relationship between the received 
light signal and the pressure applied at the 
detection site; 

a step for associating the light signal received 45 
when no pressure is applied at the detection 
site and the light signal received when maximal 
pressure is applied at the detection site, to the 
relationship stored in the calibration table 
between the received light signal and the pres- 50 
sure applied at the detectton site, thereby cal- 
culating the threshold values which can be 
used for grading the received light signal; 
a step for storing the threshold values in the 
threshold value table; ss 
a step for comparing the received light signal 
and the threshold values; 
a step for comparing the received light signal 



and the threshold values readout from the 

threshold value table; and 

a step for generating touch information In 

which the touch sensation at the detection site 

has been quantified based on the results of the 

comparison. 
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